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SUMMARY

This report Investigates the protection offered by various
Corps of Engineers van bodies from chemlca±, biological, or radio-
logical (CBR) attack.

JLeakage into the vans was determined by subjecting the vans W-
an aerosol of zinc--cadmium sulfile. A correlation between simliant
leakage and actual CBR agents is drawn.

Pressurization of the vans by use of the ventilating systems
and the effects of field expedient staling 'ere investigated.

The report concludes that:

&. The vans offer little or no protection agaInst newer CW
agents and only limited protection aguznst older CW agents.

b. Decontamination of the vans followi•.g a CW attack would
be necessary to keep damage at a minimum and to remove any hazard
to operattig personnel.

c. None of the vans offer protection against BW agents.

d. Decontamination of the vans following a BW attack would
be necessary to elinate or reduce the hazard to personnel.

e. The vans offer negligible protection from radiation .!rom
fallout outside tie vans.

f. Decontamination of the vans following an HW attack woulA
be necessary to remove any inhalation hazard resulting from fallout
which might leak into the vans.

g. In the case of fallout, decontamination of the vans in
which films are processed would be necessary to protect film stocks.

h. Field expedient sealing is of little valuej limited pro-
tection againri older CW agents, hovever, can be obtained by its use.

I. The present veLtilation syrtem is able to produce signifl-
cant pressurization of the vans.

3. Minor modificatlon of the ventilation system by the addi-
tion of a gas-particulate filter combined with additional sealing
around openings will probably provide adequate gas-proofing for the
vans.



k T~HE VUIZRABILI'Y CF ENGINEE VMliS TO CHEMICAL&

BIOLOGICAL, AND RADlcnOOICAL WAFFARE (U)

I. IrCRODUCTION

1 . SL.•ct. This replrt investigates the protection offered

* by various Corps of Evngneers van bodies from chemical, biological.
or radiological (cUbP) aLtack.

2. Background and Previous Invest1fiationc. Chemical, btolog-
- ical, or rediological attack upon -E units op-rating from vanu could

disrupt operations for cons'ierable lengths of time by contaminating
material and tupplies ac web . as creating a continuing hazard to per-
sonnel. The efTeetivenrs of the attack is dependent upon the extent
of leakage of the toxic agent into the au (radiation excepted), the

S' sensitivity of working supplies to the contaminant, and the ability
"of personnel to work while wearing protective clothing. A previous
S-eport~) ceucludes that many of the materials found in Engineer vans
are susceptible to contaainantr and that operations by protected per-

"s .sonnel are generally not feasible. It was therefore concluded that
the first factor, the degree of leakage into the vans under variouc

& operating conditions, should be deter.-_ned in order to arrive at a
possible mans of minimlzing the effects of a contaminating attack.

•.> In 194P, the leakage of chemical warfare ýCW) agents frto-
: then-existent CK vane was crudely determne by placUC• a smoke gre-

nsde In the van and noting slke leaks from outside. The feasibil-
ity of providing vans with an M3 collective protector was investi-
gated; however, the M3 was found to be too bulky and cumberrsolm to
oe used as a permanent fixture.

The Chemical Warfare Laboratories, Army Chemical Center,
Maryland, has a continuing project (4-8O-12-W6') or collective pro-
tection ftr military transport vehicles. Investigations have becr.

_-*: made on fie control and shop va•s a$ suitable collective protec-
£•- tive devices have been installedt2(3rj. The degree of protectton

required has been categorized as follows:

Cateory A. Protection required for military trann-
purt vehicles in which operations nmut be maIntained and which murt
b- operated by unprotected personrkel who require frequent en'ry or
exit.

a_- •!.!522 B. Same an Gategory A exept en.ry or ,'x:t
It. not required.

conn
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-Catgory C. Protection required for vehicles in
which operations may bV nuspended temporrly.

Catego D. Protection required fcr vehicles in
which operations wy be. suspended temporarily but in which the con-
tents mut% be protected from contamination.

An ERDL memo report discusced the vulnerabil~ty of CE

vans, both operationally and rmateriaily, to CBR attackMl). The re-
port concluded that, in general, Category D protection was suffl-
cient, and it was rupcomiended that the degree of protection provided
be determined.

II. INVFf3T1GATION

3. Site and Equipent. Tests utilizing CE vans, fluorescent
particle (FP) cloud h eneration and sampling equipment, and miteoro-
logical equipment were conducted by USA3RDL personnel.

a. Site. The on2•y site available for the tests was the
northeast corner of Demolitions Range One of the Engineer Proving
Ground, Fort Belvolr, Virgin'.a (Fie. 1). .his site is an open area
of apprexiately five acres bordered by trees. A s-al gully runs
thLrough the center of the area.

!N

-- • ~ ~ ~ _ý .• - ,, . , .1,'
• " l ~i4 .!.- % , . :.•

-- 8599Fig. t. An aerial view of the test site showing veh-1clesan in

_- •psition. !
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8795
Fig. 2. (1 to r) Water purification van, expanded eziineer
expansible van, shop van trailer. map reproduction van, and
expanded camera van in positiou.

b. Vans and Equipment. hued in the tests were proto-
type Corpos of En4era vans of the following types (Fig. 2):

Water purification vs'1 U.S.A. #41212337, equipped
with two gasoline heaters whose blowers can also be used in
ventifation.

Camera van, U.S.A. #41112483, equipped with an air
conditioning unit (which also serves as a ventilating system) and
two gasoline heaters of the same type as those in the water purifl-
cati'an van.

Map reproduction van, U.S.A. 141214988, equipped
with the same equipment as the camera van.

Engineer exInlsible van, U.S.A. #4121.4•I5, equipped
with the same equipment as the camera vnn.

Semi-traller Lhop van, U. 6 .&. 1PA7265, equLpprxd with
the same equipment au the caner-& van.



In general, chemicalL used in water purification az
stored within the water purification vaL. Operation of the van
could be carried on for a short period of time by a man dressed in
Imprepiated protective clothing, loves, and protective mask.

When the map, cmers, and engineer vans are in oper-
ation It Ins n cessary for personnel to move materials from one van
to another. Operations could be suspended for a s2.hwt period of
time during an attack.

c * Fluorescent Particle Cloud Generation and Sampling
Equipment. A Metronics Associates, Ixc., Model 10 Aerosol Generator
,(Fig.-3)-was ued to generate the FP cloud. This aerosol generator
consists of two units, the aerosol generator and the control panel.
The ae.rosol generator unit includes motor-blower, nozzle, and drive
assembly; angle frame stand with trunnion clamps; and feed mech -
nism with feed tube (Fig. 4). The control unit has an installed
control panel with all necessary power cables (Fig. 5). Electrical
power is supplied by an outside 110 v A.C. source.

-I

imi

18823 18e22
ig-. 3. TLe c-rzzoI1 6en•'•6or uwit ntri Fig. j4. reed mechs-

R•ed mechanism and feed tuLe attached. niam and fecd tube.
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Fig. 5.The control unit showing power ~Ables attahd.

7'he FP material is dizzarged by the feed mechanism
from the feeC. tube into the blower as a conti~nual series of Incre-
ments. The material, is entrained azA aerosolized by the rapidly
accelerating stream of air passing through the blower. The controls
can be set for different blower or feed-mdcanism speeds to control
tbe amount of F? material aerosoliru4 during any time period.

Sampling equipmnt incl.uded rilter holders with crit-
ical orifices,, which regulated air flow to within 10% of the cali-
brated volume, machined by Millipore Corporztion,* c~?~ overs,;
Millipore AA Black Plain one-inch filters and pads (Figs. 6 and 7),
1/6-hp Gast 'Vacuum Pumps,, Fischer Scientific Co. laboratory clamps,
and 6-feet-b 1gb ring stands. Saxplemi were col lected by plac ing the
M4illipore filters on nutrient pad supports izu the filter holders.
The filter holders veri then attached Wu the vacuum pumps by means
of *-Izlch rubber hose (rig. 8). An air was d~rawn through the filt-
ers, all FP particles weere impinged on the filters. "luoreacent-
pantIcle -counti.ng equ~ipmnt Included two 4ej. pSV-8 Bausch and tomb
microscopes. This model Is equipped with a mechanical stage which



18820
Fig. 6. Filter holder dismantled. (1 to r) Rubber cover,
screv-down lid$ hold-down ring, filter, nutrient pdd support,
and filter holder body.

18819

Fig. 7. Filter holder assembled.

enables the viewer to ocan the entire slide, 10- and 21-power ob-
Jective lenses, and 5-power eyepieces equipped with reticles in the
fors, of squares of knovn size. Will Corporation Bioloid gIAss
aicroscope slides were used as mounts for the coutaninated filters.

General Electric (Model H-1O0 BLI') ultraviolet bulbs
were monmted in American Optical Coway "Model 370) mounts to pro-
vide illmination of the microscope amd slides. Illuminatiun level
was kept constant by use of Gecsrval Electric (Model H-4) transform-
era in series with Powerstat (Model 116) variatle transfomerv.

Air pressure changes inside the vans were re'c-ded by
use of Statham pressure transduwers. These imstrmemnts h&ve a

F1N
,, • , i I ) I
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Fig. 8. Typical sample point . hoviLg filter holder, wit
rubber covert attached to a vacum pup.

pressur range of ±. 0.05 paid. Each transducer was connected
through a Brush (Model BL-360) "Universal" amrplifier to a BrushI
(Model BL-222) recording oscillograph. "This j..rovicded a continuouzrecording of the signal changes caused by var,.ation of the differ-
ential pressure at the transducer location.

Each transducer van placed within a v=n and connected
to a static out]pt. Th: outlet was provided by k-inch aluminum
tube inserted through a oealed hole In the van wall and extending
out of the van one foot.

Electrical power was suppIled I'or vans, sampling, and.
meteorologica l equipnt by one 5-kv and one 1-ky generator; power

rae ouppihed for the FP generator by a 1-ku generator.

d. Meteorological. Two " endix-eriez aerovane system
were u•edL to reFord wind seerd and direction. The Model 14 .--

corder Ios a th-elesnt recorder thate nmultanersly produf s Inked-

ent~lprssreatth t-nd-erlo-ton
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traces or wind dire.ztiou and speed iL separate auinnels on a cou-

"tinuouz paper chart. Charts may be run at e sp:ýed of either 3
inches per minute or 3 inches per hour.

Barometric pressure was recorded hy a Bendix-Friez
(model 790-1) m-crobarograph. A Bendix-Priez (14-el 594) Hygro-
Thermograph was used to provide a continuous record of free air
te•perature and rel.ative h1uidty.

Temerature gradients were recorded by use or a Fox-
boro Dynalog Differential Temperature Recorder. This unit recorded
differences in temperature betveen pairs of thermistors, one at a
Leight of 6 feet and the other at a height of 1 foot. This system
continuousay records up to three measurements on one circular chart.

4. Methods. After various methods of testing for leakage
were infv-stigated, it was decided tQ adapt the "P technique using a
zinc-cadnium sulfide simulant(") (5). This technique has been ex-
t-nsive.y used in meteorological and toxicological stuities by the
Chemical Corps.

a. Preliminar. Runs. Two preliminary runs were made to
determine the spread and persistence of the 1P material. The first
of these runs was to determine the spread of the PP cloud. Six sam-
piers were set 30 feet apart in a straight line. The PP generator
v s set 200 feet upwind on a line perpendicular to the sampler line
and was run for 5 minutes. Samples vre. collected over a 30-minute
period.

As a result of this run, it was found that the spread
of an FP cloud which could be expected under test conditions was
greater than 150 feet at a distance of 200 feet downwind from the FP
generator.

The second of these runs was made to determine the
persistence of an FP cloud after the end of generation. Six samplers
were set up 1 foot apart. The FP generator vas set 200 feet upwind
and was run for 5 minutes. The first sampler me turned on at the
start of generation. After 5 minutes, the second sampler was turned
on and the first was turned off. The third sampler vat turned on at
the end of 10 minutes, and the second was turned off. This proce-
due vwas repeated until each sampler had been run 5 minutes for •
total time of 30 minutes. It was found that under test corditions
thL FP material did not persist for more than five minutes after the
end oi generation. Resultr of the preliminary runs are contained in
Table I.



Table I. Re,'u.lts of Prel Iminary Runs

Spead o FP Mate ia1* Yersistence of FF !¶aterial0'
_ , __ Raw Count , mple ot Ra, Count

1 60.9 x 10 1(o-5 &in) 3.1 x 10o
2 56.2 2(5-10 min) ,.2
3 43.5 3(10-15 mini) 0
4 16.2 4(15-20 min) 0
5 16a
6 13.0

*Temperat~ure 750F,-2 lapse; relative husi4.ity 82%.
Temperature ('5PF, 20 lapse; relative htumdity 49%.

b. Test Rums. In viev of their operating conditions and
functions, the vans were tested as follows to see what the effect on
the degree of protection offered by the vans vuuld be:

(1) Whi.h vents were closed and ventilating aystems
were off.

(2) While vents were cc•r.ed and ventilating systems
were rmcirculating air.

(3) While ventc were open and ventilating systems
were off.

(4) While vents were open and ventilating syst as
were on draving outside air to check the preassurizng carpabil-
Ity of the wentilating 3ystem.

(5) With vans, f teld expedient sealed.

(6) With vans in expanded position at the otart of
an attack, then closed du!Lng attack (Figs. 9, 10, 11, and 12),

To determine leakage into the Y-n bodies, six vacuum
pump samplers were placed (in a hex•ag=l pa tern) outside and
around the vans, four samplers were placed Letveen the vans,, and two
samplers were placed within each van (Fig. 13). These vacuum pumps,
attached by rubber hose to the filter holders, drew air through the
Millipore filters at a rate of approxluately ten liters per minute,
Impinging the FP material on the filters To determine concentra-
tIon, the nunber of FP particles on each ilter was counted, and the
ratio of inside-to-outside concentration was taken to deteraine the
extent of leakage.
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Fig. 9. Engineer ertnhmrlble van expanded. I

w~oo
Fi1g. 10. Engineer eipaxnsibi" van part Ially expanded.
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Fi. 2. Camera van pLrt ally expanded.
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Electrical generators were started at the beginning
of each run, Ad all meteorological instruments were turned on.
Readings of wind velocity, relative hmsltity, barometrlc pressure,
and temperature grawdlient were taken. Smke grenades and helilu-
filled balloons wre used to determine air currents. The balloons
were wighted to float at a height or 6 to 10 feet. After the wind
direct'on bad been deteratued, the PP generator wan set approxiate-
ly 200 feet upwLnd from the center of the field and filter holders
vith clean filters wee placed in position. All sampling puapssnd
the FP genrator w•i started siailtaneoual] at the beginning of the
generatlon period. The aerovune systems vew also turned on high
speed (3 inches/ain) at this time.

The FP generator was stopped at the end of the gcner-
. ation period, and the aerovane srsteas were turned on low speed (3

inches/hr). Ten minutes later, the outside sampling Iarp wtre
"turned off and the filter holders were covered and collected. Prom
90 to =20 minutes later, the inside snJpling ;pxis were -- rýt off
and the fl'-r holders were covered and collected. All meteornlogi-
c&1 instruments vere turned off at the sam time as the inside
sampling piaps*. Wind charts, temperature gradient records, tygro- I'
thermora.rh charts, and readiigs of barotr! i prescure ware col-
lected and stored to be analyzed later. Test run data Is contained

"" In Appendix A.

-. countofc and .jutin Counts. Counting the nmber
of particles on eac ilter ma aceom lasbe with a microscope and
two ultraviolet laps (Fil. 1k). The filters were glued with rubber

Fig. 1P. Equipment
nhcmn: (1 tor) 0 -
transformer, poveratat

- variable transformer,
ultraviolet lamps, sand
microscope.

U'M .

loft

...
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cement to alcroscope slides with uncontaminated surfaces of the
filters next to the glas. By using reticles of known size, it
was necessary to count only a relatively sal number of particles.
The nmber o. particles actually counted was then Altiplied by anarea-ratio factor vhich in the ratio of the area, seen thvg the

reticle to the total area of the filter surface. Heavily contami-
rateded by counting ten cr more rando fields
until £ atnimat of 270 particles was counted. A traversing tech-
nique which included one-half of the total filter surface ,ma used
for less contaminated surfaces (Fig. 15).

Fig. 15a. Representationq of a Fig. 15b. Representation of" a
filter sufc ahwing reacto filter surface showing travers-.
fileds in whi..t par'ticles '.ul ing athod of counting. The F?
be counted. are couned as the filter isi

Sawed in the direction indicated
by the arrows.

In order to correlate directly the different rims,
the original VP counts wry adusted to an F? dispersion of 1.0 puma
per rim sat a sampling pta. flo rat of 10 litert per minute, using
previously determined factord.

d. De terminin Concentration._ Leakage is the ratio of
outside eoncen',ratioc to average cacentratlion inside the van.* The
following iethod us wused in ap~proxlmatirg outside concentrat ion
around each van:

The averag wind directLion duri__g each FP generation
period as• determined from the aerovune records aM• ths observed
patbe of sfole and balloons. A wind diret cmlo line vuc t-hen dnwu

a~ppj P~ .. . .. Pt ev . - t% i -* i I~ Z4 I4 It, I.d vl $4



from the generation point thruugh the fleld. Four assumptions,
based on knovledge of FP cloud behavior, w,-re then made: (1) that
the FP cloud was tear shaped; (2) that at any given distance frus
the generation point, the greatest FP concentratio would be found

on the wind direetton line; (3) that concentration decreased as
d~stmae fro tht generation point inreacedi an (%) that any

point between two points of known cocentration would have a concen-
tratioa lying between that of the two kown points. Other points
were plotted and asaued concentration values proportional to their
position. Points of equal concentration were then connecte1 with
contour lines. Ooa•-etrastlons outside the vans were then approxi-
mated using the concentration of the nearest contour. It is be-
lieved tLat the coucentration of a point can be 'eteralned vithin 20
percent of the true value. This sakes allowance for the dropping
out of highly inconsistent data points on the part of the person
drawing the contours and for huen error in counting. Inside con-
centration ma taken as the ave•g•e of the two in ide samples. Fig-
ure 16 1& a typical contour plot for determining FP concentraton.

e. j Values. leakage values were computed by ak-
Ing the ratio of inside concentratIon to outside concentration.

These values, given in Table II, show the pereentste of outside con-

centration which leakedr into the vans.

Table I1. Leakage Values (Percent)

Watr Engineer
Trial Purification F iM~mible Coaers a M! Shop

A 29.4 30.1 32.0 52.6 $5.4
B 57.5 57.6 5T.6 81.5 46.4
C 38 5 50.0 43.6 - 30.6
D 7.9 15.9 - - 16.0
K 24.0 28.8 - 52.8
7 32.8 10.7 - - 17.0
G 34.1 36.8 25.8 - 29.1
H - 5.3 1.0 - 11.0
1 - 10.0 16.0 9.1 6y.7
J - 23.2 26.9 2.6 63.7
L - 17.6 - -
N - 39.6 28.0 - -

N 33.2 42.8 49.2 26.0 93.0
0 12.7 10.1 4C.1] o0.6 25.1
P 23.5 9T7.7 11. 42.3 26.o
Q 58.0 33.9 48.1 64.2 93.0
H - 86.4 8.0 -

V t; ; t ; 4 Y ?4w.y~~
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5. Pressurization. Pressurization of the vans by use of the

ventilating systems wa attempted during three runs. Transducers
were used to record pressure changes. One run vias Mae with the
ventilating systems recirculating air, and negligible pressures
were recorded as was expected. The two other runs were made with
the ventilating systems drawing outside air. Sinificant pressures
were recorded during these runs in the map reproduction and camera
vans. H-eg-lgibir pressures, proba.bly caused by air escapling through
open heater outlets, were recorded In the water purification and en-
ginrer expansible vans.

It has been determined in previous work( 6 ) that the pres-

sure differential that must be maintained to prevent leakage Into a
bulldiLn snould be O.ie inch of water (0.036 psi) above the average
pressure on the outside wall.

6. Correlation to CW. The following paragrapht discuss the
correlation of FP counts to the determination of CW, BW, and RW
agents,

a. Chemical Warfae (CW). To arrive at the equivalent
CV agent dosages, 9te WF counts we# treated in the xLolloving manner:

Let the FP count repit s- d•sage in particle minutes

per liter. Dosage can be expressed as tota3 pa ,ilCts, or as a
product of the concentration times the tim (pesrticle-aLinutes/liter).
Since there are 1012 particles per 40 grams of FP material, It can
thea be said that a given count of, for instance, 200,000 Is:

200,000 partiule-minutes/liter/1012 particles. Sub-
stil•uting micro grams (pg) for particles:

200,000 pg minutes/liter/l010 pg, but 1012 pg - 106 g -

1000 Kg.

Dividing by 1000:

2vpa sin/liter/Kg

but pg/1 a m/,

or 200 m min/m3 /Kg

ThIs represento a chemical agent dosage ,;f 200 amg mnn/s- 3 for each

ki.ingram of ag#nt dispersed.

The dosages received inside the vans are considered
incapacltattul for most CW (K0, HN, L, MD) agents and lethal dosagea

for G and V agents. It snoulA also be kept In mind that dosages in

COeID n
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theme tests were a-mli•, coamir-ble to the detonation of one 2.2-
pound chemical bomlbet. Doages m-y tims those obtained in these
tests can be a.tained In the field vith conventional •W munitions.
Sinee the dosages received Insi• e che vane werr very high when coa-
pared vith outside dosagesp it In concluded that LDMO dosages of all
CV agents would penetrate the vans. Table III Lives the calculated
dosagas received inside the vans, and Table IV compares dosages of a
fev typical CW agents.

-'ieble III. Chemical AgeLt Dosages
(mg min/a 3 /xg) inside vans

Water E1gineer
Trial Purification FqM=1.ble Caira aip Mop

A 103 181 1481 421 531
B 230 288 815 760 418
C 231 225 109 - 138
D 95 319 - - 241
E 144 130 - - 486
F A2285 - -63

0 205 368 129 - 262

- 181 160 73 1o46
40 - 16 1279 59 1435L - Wi-

M - 992 336 - -
N 399 835 122 TO 1395

P 376 2199 1669 847 391
-38 679 289 722 279

B- 864 72 -

Table 1i". Comparison of Dosagf..•s of Typical CV Agents

Dosage (a"mgnL,,)
CV Agent M Lucap•§citat

LG 3,200 1,600
S1,500 200 by eye
GB 200 50

It is sigificant that FP dosages inside the vune were above. 200
mi nm/O over 60 percent of the time.

,CONE-



Since soir gases (CC, Mx) are corrosive to metals,
decontamination must take place within a very short time following
attack by t)-e~e agents in orde~r to keep dams e at a minimum. In
addition, peraistent agents would be hazartus to operating person-

nea. Operation of the vans would be unable to proceed before
decontamination.

b. Biological Warfarets BW_. The F? counts correlate di-
rectly to BW agent dosages, since firectious 6osagea depend ory on

the number of organisms contacted.

"Infectious" dosages of most BW agents were received
In all trials. The IeItAl dosage for anthrax is estimated at 20,000u
organisms by thr respiratory route. For tulareata, 840 organims
are the estimated infectious respiratory dosage. In virtually all
triali, the occupants of the vans received greater than a lethal
dose for anthrax (see Table V), and the dosage received was above
that for tularemia in all cases. It is apparent that infectious
dosages would have been received from any BW agent which can be
transmitted by aerosols.

Since BW agents may survive for some time, decontami-
nation would be necessary in order to eliminate or reduce the hazard
to per 'onnel. 'The extent of decontamination necessary would vary
with the type of agent and level of contamination.

Table V. BW Dosages Inside Vans Tested (Organisms)

S" Water " En41neer ..

Trial Pur 4 ticatlon EPns Ible Camera ME Shop

A 103,0OO 181,000 481,o00 b21,OCX 531,000
B 230,0oo 288,000 815,000 760,000 418,000
C 231,000 225,000 109,000 - 138,000
D 95,000 319,000 - - 241,000
E 144,,00o 130,000 - - 186,000
F 82,000 285,000 - 68,000
G 205,000 368,000 129,000 - 262,000
1 - 8,ooo 2,000 - 28,000

- 181,000 160,000 73,000 l,OJ6,ooo
3 406,000 1,279,000 59,000 1,435,000
L - 42,000 - - -
MI - 992e,O00 336,000 -N 399,000 835,000 122,000 78,000 1,395,000

0 102,000 152,000 708,000 Lo6,o0o 44o0,000
P 376,000 2,199,000 1,669,000 547,000 391,000
Q 923,000 679,000 a89,000 722,000 2,792,000

8 - 864,000 72,000 - -

ft

i -
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c. RsdioLogical Warfare (By)'. In order to correlate
the FP trials to radioactive fallout, the areas in which 5,000,000
or more particles per filter were recovered were measured. This
area averaged ahbut 15,000 square yards. A fallout of 4 e ass pr
15,000 square yards Is equivalent to a ceontaination of 2.7 x 10'
gras per square yard. Since fission product fallut of 20 grams
per square yard over an infinite area sgives a dose-rant of approxi-
mately 1000 r/hr at H + I hour, a fallout or 2.7 x 10 pams per
square yard over an infinite area will give a dose-rate of 0.13 r/hr
at H + 1 hour. This dose-rate will, result in a total dose of 0.62r
from H + 1 hr to H + 10 weeks, a dosage far below the accepted AEC
peacetimc level. Howeverp actual fallout near a nuclear detornation
would aiproacb a dose-rate of 1000 r/br at H + 1 hr, resulting in a
10-day dosage of about 3500r. A lead or steel r&hield vith a thick-
ness arny times the thicaeon,. of the van wall would be needed to
effectively protect personnel Vzut ,n radiation from fallout out-
side the vans. Decontamination of the area r. n'nra nf the vans
to a clean area would be necessary under these high con-anwation
levels to adequately protect operating personnel from external radi-
ation. Decontainatio .,z the vnsm would be necessary to remove
fallout which might have leaked into the vans creating an Inhalation
hazard to personnel.

It has been found by tests at operation PLLGSO that
the photographic film used in topographic units is relatively insen-
sitive to gamm radiation. Experience by fiM manufacturers Lodi-
cates that Incorporation of alpha or beta emitters Into film or de-
velopers wllp because of the close proximity of the emitters and
their Ionizing potential, readily fog film. It appears that com-
plete decontamination of vans in which films are processed woud be
necessary to protect film stocks.

1Il. DISCUS,310

7. Parameters. Comparing leakage values of the different
trials given a Tatlf for stating U at neither wind speed nor temper-
atume gradient have nach, if any, effect on leakage Into the vans.
Leaag valiuep of trials "B" and "I" are soimewhat lower than values
for the other trials. This seem to show that sealLrg the vans by
using masking tape, cardboard, or other field-erpedient means was of
limited usefulness In reducing leakage. The leakage reduction
caused by field-expedient sealing was not great enough to give added
protection from BW or never CW agents, but lnimted protection from
low concentrations of older CW agents can be obtained by sealing.

IM is used here Mn the sense of radi•active fallout created by
an atomic detonation.

-. co inW
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Closlng any expanded vans at the onset of an attack seems

to have no effect on leakage. With actual CW or BW agents, the at-
tack may be well under way or even ended before the agent is detect'-
ed. S••ce no apparent additional protection Is afforded by closing
the vans, they ay remain expanded unless they are to be moved from
the area.

IV. CONEWS IG

8. Conclusions. It is concluded that:

a. The vans offer little or no protection against newer
CW agents and only limited protection against olde3r CW agente.

b. Decontamination of the vans fol.loving a CW attack
would be necessary to keep damage at a r'nimww and to remove any
hazard to operating personnel.

c. None of the vans offer protection against BV agents.

d. Decontamination of the vans folloving a BW attack
would be necessary to eliminate or reduce the hazard to p-ersonnel.

e. The vans offer negligible protection from radiation
from fallou'. outside the vans.

f. Decontamination of the vans following an 1V attack
would be necessary to remove any inhalation hazard resulting from
fallout which might leak into the vans.

g. Decontsamnation of vans in which films are processed
would be necessary to protect film stocks.

h. Field expedient sealing Is of little value; limited

protection against older CW agents, hovever, can be obtained by its
use.

i. The present ventilation system is able to cause sig-

nificant pressurization of the vans.

3. Minor modification of the ventilation system by the
addition of a gas-particulate filter combined with additional seal-
ing around openings will probably provide adequate gas-proofing for
the vans.

C0ON A
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APPMNDX

TET RU?, DATA

Rum A

Date and time.: 26 Sep 56, 1030 W'll speed and direction- 6 ,phý,
RE

Pelative Humidity: 8% Barometer: 29.9 in. Temperature. 58.20,
0.5P inversion

r.P. Releasid: 42.2 gm Cloud cover: T75 Visibility: (ood

Conditions: Ventilation systems off. Vents open. Doors and v1ndovs,
closed. Camera van and engineer expansible van expanded.

Outside Inside
Generated: 30 ainutes Samples run: 4U-1-'t5es 12--'tes

Sample Point PAW Count Count A4justled*

1 145.6 x 10ý' 143.2 x 104
2 11.1 1.0.5
3 14.0 13.3
4 214.9 207.7
5 121.1 114.8
6 58.0 55.0
7 45.2 42.8
8 37.2 35.3
9 153.14 145.4
10 104.9 99.4
11 11.2 10.6
12 1o.4 9.9
13 20.1 19.0
1•, 18.3 17.3

16 1.7.4 144.9
17 43.1 40.9
18 "5.7 13.3
19 63.1 59.8
20 49.0 46.14

CororecM to 10 Mie-r72dJZue air flow an 40 gram source"...



26

Date and tiLm: 2 Oct 56, 1030 VWin speed and &Itetlon: 1 mph, SW

Relative huaidLity: 8h-60% Baroeter. 29.8 In. Trnperature: 640,
20 iniersion

F.P. Released: 34.8 6ft Cltud cover: 5% Visibility: Fair

Conditiona: All ventilation yttea of. Vents open. Lights on.
Doors and windows closed. Blackout covers In place.
Caurs ian azA engineer expa&Lble in expanded.

Outside Inside
Generated: 30 minutes Samples run: hF•-tes e 26 ftes

Sample Point lw count Count Ajusted

1 93x10 1.5.1 x104

2 159 18.3
3 25.7 29.5
It 51i.I 62.5
5 72.1 82.8
6 134.5 154.5
7 33.0 37.9
a 45.4 50.0
9 69.9 80.3

10 =.1 12.8
11 20.2 23.2
12 19.9 22.8
13 27. 31-.4
1.. 23.2 26.6
15 71.3 el.

16 70.7 81.2
17 66.1 76.3
i8 66.0 75.8
19 30.1 34.5
20 42.9 49.2

x%

A ' .r w . 1• q a •w e • • u •q r V

•.""".. ,.,,-, " t %."".',.." $4%, ".ZS%,' %'""¼V." V7•Y."r' V\••,, .,
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Run C

Date wzd time 3 Oct 56, 1400 Vind speed and direction: 2 mph,
3w-ffw

RclAtive huaidity: 39% Barometer: 29.8 in. Temperature: 75.5O,
40 lapse

F.P. Released; Sons Cloud cover: 5% Visibility: Excellent

Conditions: All ve'etil&tion system Off. Vents closed. Camera van
and engineer expansible van exponded. Blackout covers
in pla~e.

Outside Inside
Generated: 30 minutes Samples run- 40 minutes 120 Alnutes

Sample Point Raw Count Count Adjusted

1 41.2 x Olt 0.8 x 10'
2 54.1 53.6
3 3D.2 29.9
4 19.6 19.14
5 22.6 22.4
6 35.-4 35.1
7 57.6 57.1
8 56.2 55.7
9 27.6 27.3

10 33.2 32.9
11 23.7 23.5
12 23.1 22.9
13 22.2 22.0
1, 23.3 23.1
15 11.8 11.7
16 10.2 10.1
17 3.3 3.2
18 0.3 0.2
19 14.0 13.8
20 114.0 13.8

Zr
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Ru D

DaU end tbo,--: 5 Oct 56, 0900 WInd speed &A direction: It Mh, 1

Relative hmiditY: 83.-5 Barometer: 30.0 in. .emperature: 63P,
1.3 P 1P8-

F.P. Releaa•: 41.6 s Cloud cover: 75%• Visibility: Good

Conditicms: All ventilation system off. Vents cloed. Caera van a
enitneer expansible van expaned. Blackout covers in place.

P&SIde Inside
Generated: 5 minutem saples runm: li utes 90ak -wates

Sam'le Polr.L fMv CoMt Comt MJusted

171.3 X 10 68. 5 x 1 •
7i. ,6 71.6

ihoWo 172.9
S241.9 232.4
5•0.3 38.7
6 39.2 37.6
7 153.5 l4T.5
8 168.2 161.6
9 69.2 66.5

10 52.. 49.9
11 11.8 11.3
12 8.2 7.e
13 35.8 31.1
1k1 3o.6 2.

19 21.8 20.9
20 28.7 27.5

1 C0mta not taken tor s •ut 15-I-.

$~
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Run S

Date and tim: 8 Oct 56, 0900 Wind speed and dir t•Ion: 3 ph, SW

MeIAtive huitdiLty: 58% Bwroeter: 30.03 in. Teapemt-are: 650,
40 lapse

F.P. released: 48.6 gm Cloud cover: 0% Visibility: Excellent

Conditions: VentilAtion system off. Vents closed. Cmmr van and
enlneer expansible van expended. Blackout covers In
place.

Outside Inside
7-nerated: 5 amwnutes Saiples nrm: 15 minutes 90 mLinutes

Sample Point Raw Count Count Adjusted

1 162.2 x 10 133.4 X 10'&
2 17.2 14.1
3 4.5 3.7
4 5T.6 47.4
5 56.4 6.,
6 17.7 1h.5
T T5.8 62.3
8 65.6 53.9
9 51.2 42.1

10 io4.6 86.0
U ±8.6 15.3
12 16.5 13.5
13 A.\s.9 12.2
14 16.x 13.8

19 53.1 43.7
20 65.1 53.5

Counta not Wtake. for sample pats 15-2.

'U1



30

RuM F

Date and time 10 Oct 56, 110 Vind speed and directiaon: k mph, nL

Relative humidlty; 51% Barometer: 30.29 in. Temperature: 600,
20 lapse

F.P. Released: 44 5 Sms Cloud cover: 0% Visibility: Excellent

(oditi'ons: All ventilating systems voee set to recirculate air with-
in the vans an were run dturing the entire test. Trans-
duwzu were used to record pressrne changes. Camera vn
and engineer expansible van expaMnded.

Pressures (Psi): location peak Ave

YAp van +0.0010 -0.0012
8bop van 40.0017 -O.O02
Water purification -.0.0050 40.0012
2ngiueer expawible .0.0045 40.0010

Outside Inside
Generated: 30 minutes S&Aples rum: 47O minutes 120 ute s

Sample Point Mw Count Co'wt Adjusted

2 29.1 x 2 26.1 x

2 45.8 41.1
3 11.3 ic.7
- 51.5 46.2
5 24.0 21.5
6 20.0 1T.9
7 38.3 3i.4
8 50.0 4.9
9 26.9 24.1

10 2T.1 24.3
11 11.0 9.8
.2 T.) 6.6

13 33.7 30.2
1.4 3D.0 26.9

19 3.2 2.8
20 1?..1 10.9

*Counts not, Ma1n For sam-Ple Points 15-la.

W
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Run 0

Date and tie: 12 Oct 56, 1030 Wind speed and direction: 5 a;&,
INM

IelatiVe hUaidtty: 6k-39% alroaeter.: 30.. in. Temperature: 56o
20 inversion

F.P. Released: 43.2 go Cloud cover: 0$ Visibility: Good

Conditions: All conditions same - for Run F.

Outside Inside

Generated: 30 minutes* Samples rum; 4.5 minutes 120 minautes

Sap. Point MW Count Count Adjusted

2 48.5 4.9
3 118.2 13T.2
1. 11.3.7 133.0
5 U8.8 45.1-
6 28.8 26.6
7 90.6 83.6
8 86.o 79.6
9 61.t, 56.8

10 14.8 61.1
11 2o.6 19.0
12 23.9 22.1
13 4o.7 37.6
14. 38.9 36.0
15 12.9 11.9
16 15.2 14.O

19 29.5 27.3
2-0 27.2 25.1

r Generated 5# 15" partm poi-tNi of field, thenY d t -o .t

due I of field due to viM shift.
' Counts not taken for sample points 17 and 18.
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Run H

Date end1 time: 15 Oct 50, 1000 Wind 31204 *ad directiont. 0-1 mPh,
NE

FHelativi humidity': 305 Barometer: 30.2 in. Temperature:; 62.50,
ic lapse

FP. RelemseeA: 25.5 gins cloud. cover- 0% Visibility: Good

Conditi.ons: L~ngineer expansibl.e. csra, and map reproduction vans
ltere field excpedient sealed with making tape. AJll
cracks, ~inins, azr4 openings were sealed exct~k . 1lor

w ndove and 1 door of each van.* Ventilators on the
en~gineer expansible van vere covered vith cftrdboard an!
side irent covered on camera. van. Shop van was expanded,
and side curtains were ;,ut on and cloned *a tight as
possible.

Outside Inside
GerierateA: 31 minutes Samples run: &4J2miutes 120mS'utels

Gar¶ple Point PAW Count Count Adjusted

3. 10.7 X 10 4 16.7 x 104
2 9.3 14.5
3 8.2 12.8
49.0 14.1
5 1)4.1 22.1.
6 14.i 7-5
7 9.8 15.3
8 u h4 17.8
9 10.5 1.

10 )4.9 7.6

13 0Al 0.6
1407 1.0

15 0.2 0.3
16 0.1 0.1

19 2.1 3.2
PC 1.6 2.5

SCount s not. ta en for seansla iet, 11r and -12o .
Coirnt not tamkei. for sample opings 17 and 18.

1d7
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Run I

Late and tim? 17 Oct 56, 0930 Wind Speed and direction: 2 mh 1

Helative humidity: 78% Baroeter: 30 in. Temperature: 6-.5°0
0.50 Inversion

F.P. Releazed: 42.0 pis Cloud cover: 10•% Visibility: Good

Conditions: All conditions sume as for Run H.

Outside Inslde
Generated: 30 mLnuLt Uamples run: -inutes a-120---tes

Sample Point Rav Count Cunwt Adjusted

105.4 x 10 • 00.3 x 10
2 59.8 56.9
3 147.1 140.0
4 252.9 240.7
5 89.6 85.2
6 67.2 63.9
7 136.5 129.9
8 119.3 1313.5
9 3113.3 107.8

10 116.1 110.5
4141.8x.

13 18.6 17.714 19.8 18.8
15 11.9 11.3
16 21.8 20.7
17 9.8 9.3
18 5.6 5.3
19 111.1 105.7
20 101.9 103.6

* Counts not tMken 'or sample points 11 AM, 12.
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Run J

Dte and time: 19 Oct 56, 0100 Wind see ad direction: 2 mpb, X

Relative numidity: 9N Baomwr.ter: 30 in. Temperatwm: 57.50,
Po ynvers ion

F.P. Released-: 41.6 o Cloud. cover: 75% Vsibi11itY: Good

Monditions: Upansblb e, caera ana s#o vans expan•d.

0utsie Inside
Generated: 30 minutes Samples run: Z =r3 rs M20iIuts

3ample Point Pay Count Comat MA3aate

1 96.-7 10 92.9 X •1o
2 23 I. 22.11

41.2 39.5
Ii 108.1 103.8

5 520.8 5W0.1
201.1 193.2
W.8.1 1.03.8

8 156.8 150.8
9 433-.4 116.

10 276.8 266.o

13 Is1.9 40.2
1-. *i.8 t.1

16 126.4 121.4
17 8.4 8.0
is 4.0 3.8
19 135.2 129.9
20 163.6 157.2

Co~e Et. Man• "o-r ile *po.,Et-a 11 area 12.
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R=m K

T-st results not retaLned fjr revordu due to veather difficulty.

. -F
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Run L

Date and time: 24 Oc• 56., 0930 Wind speed and direction: a sph,

Relative humidity: 100% Barometer: 29.5 in. Temperature: 64.70,
1.1 inverslIonF.P. Released: 17.8 sm Cloud cover.; 100% Visibility: Poor

Conditions; Expansible and camert vats were only ones tested. .Van
in expanded position at start or run. After 5 minutes
generation, vans were closed. Generation continued an
additional 5 minutes following calming. (Tim to close
vaus: cawýra, 25 secondsI expansible, 2 minutes 8 seconds.)
Scrpling time was limited to 13 minut-s due to rain.

Outside Inside
Generated: 12 minutes Samples run: f-S-ues. 13"-Tu-tes

Sample Point Pv Count Count Adjusted

1 4.3.0 x 104 96.6 x 104
2 40.6 91.2
3 162.6 365.3
4 125.0 280.8
5 22.7 51.0
E 25.3 56.8
7 65.1 146.2
8 57.5 129.2
9 46.1 103.5

10 37.5 84.2

13 21.4 18.0
14 18.0 1o0.
15*, o.6 1.3
16*' 0.8 1.7

* Counts not taxen for sample points and 12.
When ount vas taken, It v, discovered that ther w alaret
smoke in the camers van; rums, therefore, were not considered
in results for caera van.

S Counts not taken for sample points 17-20.

I• : •
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Run M

Date and time: 25 Oct 56, 0925 Wind speed and dire••iona: 2 mph, N

Relative humldity; 68% Barometer: 30.36 in. Temperature: I49.5O,
1.Op lapse

FF. Peleased: 61.5 gas Cloud cover: 0% Vi!.±bil.ty: "xcellent

Conditions; All cODtLttons seuze as Run L. (Time. to close vans:
carra, 18 seconds; expansible, 2 minutes 30 reconds.)

Outside Insidft
renerated: 12.5 minutes Samples run; 22.5 minutes 22.5 utes

Sample Point Raw Count Count Adjusted

1 195.6 r 10 Mr.1 x 101
2 1.14.9 74.6
3 140.1 26.o
14 632.2 410.9
5 l2-2.2 85.9
6 176.7 1114.8
7 240.0 156.0
8 318.2 206.8
9 2"4.3 158.7

10 383.9 249.5

13 153.3 99.6
14. 152.3 98.9
15 60.4 39.2
16 43.2 28.C

* Counts not taken 1cr sample points 11 and 12.
'4Coutst not taken for sample Points 17-20.
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Date and time: 29 Oct 56, 1000 Wind speed and direction: 0-2 ah,
ME

Relative humidity: 94 Sarmeterg 33 in. Temperature: 53,*5o
0.6 lapse

FP.P.R*.ease4:: 17.8 s Cloud cover: 100 Visiblity- Poor

Co=3ltims: All ventiltAtWi systems vee set to d.w outside airl
blaer ftrn, however, wre not tunmed on. S•op van ms
oanl vm in expavded. Very sligt msty rain fel du-
ing testj outside sa"p13n, therefoeI,, wIre taken usiAe
dQh.

Outside IzsiAe

Oenerated: 30 minutes Ssinples z'.n: U-es 328- tes

sample, Point A count Count Adjusted

12.P x 113ý 11.0. 1z xi0
2 123.0 102.1
3 T172. 143.1

156.5
5 30.3 25.2
6 146.3 384.5
7 150.6 MA5.I
8 T75.0 15T.7
9 21.5 4-.9

10 26.2 21.8
53.8 44.8

12 .2.2 35.1
13 82.4 68.6

14 ~118.2 9.
15 15.8 13.1
16 13.7 11.4
17 9.5 7.9
18 9.4T 78
19 158.2 131.7
20 ITT.0 ATA

I

NJN N

K-.~
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Run 0

Date and time; 30 Oct, I Nov 56, 0915 WInd speed and direction:
2 mph, N

IRelative humidity: Y7% Barometer: 29.9 In. Tewerature: 64.1i?
1.50 inversion

F.P. Released; 37.2 pn Cloud cover: 100% Vi3ibility: poor,
foggy

Conditiocs: All ventllAtLng systemm were set to draw outside air and
turned on. Transducer 165 was transferred from chop van
to cawra vau. (See Run F.)

Pressures (pc;): Ljocation Peak Anmer

Map van 0.o0 0.054.
Camera van 0.0170 0.012
Water Purification 0.0030 0.0cr'
Engineer Pxn-aw1ble O.0•0o 0.0002

uutside Inside
Generated: 28 minutes Samplea run: 30 mlnutes 30 minutes

Sample Point Raw Count Count Adjusted

1 32.7 x 10 4 35.1 x 104
2 17.9 19.2
3 46.9 50.k
4 276.1 296.8
5 143.8 154.5
6 54.8 58.9
7 90.7 97.5
8 90.2 96.9
9 160.2 172.2
10 116.5 125.2
U1 10.0 10.7
12 9.1 9.7
13 16.7 17.9
14 11.7 12.5
15 54.2 58.2
16 77.7 83.5
17 36.7 41.6
18 36.9 39.6
19 44.1 47,4.

20 37.8 4o.6
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Run P

Date azd tie: 2 Now 56, 000 ViM seed ba dtncttmt: 0-1 wit

Relative h'-i&ity: 98$ Baroters 29.9 in. Tempejtce: 65*,
0.3 inversion

F.P. Released: 33.1 w Cloud cover: 10($ Visib~lity: poor,

CwCoiditics: Repeat of EAm 0. Due to shifting wInd, generator vas
-co-nted na back of 3/A-ton truk. Track me riven in
a seml-c irgular are during gensnticc. Are isa frois K
tGOw (I1w).

Outs!iAr Ins ide
Oenerstod: 25 mnutes Staples, rni: 3r"-zts 6oEuta a

Soupme Point Raw Count Count Ajusted

1 5 9 .3 x1 0S T1.6 x 204
2 9.113.9
3 255.8
"4 156.3 188.8
5 3L~T.0 3.19.1
6 3"A. 46.o
7 •09.8 132.6
a 145.5 175.T
9 ~ I52fe.7

10 374226.3
U1 33.1 39.9
.12 29.3 35.3
13 172.2 208.0

A192.0 231.9
15 139.8 168.8

16136.7 165.1
17 70.1 84.6
.8 TO.2 84.8
19 35.5 12.8
20 :29.4 35.5

aa



Date and time: 5 Nov 56, 1000 Wind speed an direction: 5 mph, MA

Relative hualdity: 7% Baroaeter: 31.5 in. Telurtture: 62. •51.5° lapse

F.P. Releused: 51.1 gas Clout cover: 7T% Visibility: Fair

Conditionw: A repeat of Rui 0.

Pressures (psi): Location

map van 0.04W0
'amers van 0.0130
Water purification 0.0009
Egine-er expansible -0.0054

Outside Inside
Generated: 30 minutes saples rim: ko-0s•u-te 60 M•utea

Sample Ptint Raw Count Count AMjusted

1 103.2 x • 3.7 x 10o 4

2 130.2 11.9
3 161.5 126.4
4 3)4.3 269.5
5 18.5 14i.4
6 23.6 18.4
7 231.4 181.1
8 240.9 188.6
9 35." 2.7

10 89.7 70.2
11 lf.7 96.0
12 113.2 88.6
13 110.3 86.3
Ii' 63.4 49.6
15 25.9 20.2
A6 50.7 39.6
17 90.2 7O.6
36 94.3 73.8
1) 237.5 185.9
2) 220.5 172.6

&.& .. ..!"~-~.a
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Date and time: 6 byv 56, 0900 Wind speta and direction: 042 ugh, S

Relative htuldity: 3D% Barometer: 30 in*. Temperatwe: 54.&,
O.tO inversio

7.p. Releaed: L*1.3 gs Cloud cover: 0% VisibilLty: Excellent

Conditions: Only engineer expansible and cammra vans tested. Vents
closed, ventilation spyt off. Vans not expanded.
Only -e sample taken in each vw.

Outside Inside
Generated: 30 minutes samples rua: 4CEMOii 6o0-rre s

Sample PO int, rv count Count Adjusted
I _•i in--4.4 x 1o0 It if1 it M)4

2 118.6 114.3
3 71.9 69.3
3, 76.6 73.8
5 90.7 8T.A
6 2W.8 28D.3
7 136.0 131.1
8 10B.7 M)o,9
9 96.6 93.1

10 17%.f 16B.TI
*89.7 86).

T7-5 7.2

4fgner exp-ale Va.
4*Camera van.

.4 1
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